INTRODUCTION
The Southern Ocean exhibits a distinct myctophid or lanternfish (family Myctophidae) fauna of -40 endemic species (Bekker 1983 (Bekker , 1985 There are almost no truly epipelagic myctophlds south of the Subtropical Convergence (STC) and most species are meso-and bathypelagic migrators (Gon & Heemstra 1990). The total biomass of mesopelagic fish in the Southern Ocean (south of the STC) has been estimated from survey data and model calculations to range between 212 and 396 million t (Lubimova et al. 1987) . South of 40"s the biomass of myctophids alone ranges from 70 to 200 million t (Tseitlin 1982 , Lubimova et al. 1987 , Lancraft et al. 1989 . This large myctophid stock has attracted some research attention in the past and recently the economic and general ecological importance of myctophids, as a link between meso-and macrozooplankton and top predators (e.g. fish, squid, birds and mam-0 Inter- Research 1996 Resale of full article not permitted mals), has stimulated great interest (Lubimova et al. 1987 , Kozlov & Tarverdieva 1989 , Perissinotto & Mc-Q u a d 1992 , Sabourenkov 1992 . Dense concentrations of myctophids are generally recorded in the Antarctic Polar Front Zone (APFZ), in the region between the Subantarctic Front and the Antarctic Polar Front (APF) (Chindonova 1987 , Lubimova et al. 1987 . However, the highest densities are consistently found within the major frontal systems, including the Marginal Ice Zone (Chindonova 1987 , Lancraft et al. 1989 , Filin et al. 1991 , Kozlov et al. 1991 , Pakhomov et al. 1994 .
A recent model of the Antarctic pelagic subsystem suggests that approximately 23% of the total primary production may be indirectly ingested by pelagic fish and squid (Huntley et al. 1991) . Myctophids may, thus, represent a pathway accounting for a substantial export of organic carbon from the euphotic zone to the deep ocean through their diurnal vertical migrations and production of large, fast-sinking faeces. Therefore, any effort towards a correct estimation of energy transfer within the pelagic subsystem of the Southern Ocean must include analyses of the individual diet composition of these fishes and their rates of food consumption. Although, the diet of the most common and abundant myctophid species is well documented (Rowedder 1979 , Naumov et al. 1981 , Williams 1985 , Hopkins & Torres 1989 , Kozlov & Tarverdieva 1989 , Oven et al. 1990 , Lancraft et al. 1991 , Sabourenkov 1991 , Hopkins et al. 1993 , to date there are only 2 estimates of daily rations available in the literature (Rowedder 1979 , Gerasimova 1991 .
The main aims of this study are to estimate daily rations of myctophid fishes in the Southern Ocean (including the STC region) and to provide further information on the feeding ecology of these important components of the mesopelagic subsystem.
MATERIALS AND METHODS
Myctophids were collected during 5 South African cruises to the Southern Ocean ( Fig. 1 , Table 1 ). Two cruises were undertaken aboard RV 'Africana', to the Prydz Bay region in March 1985 and to South Georgia in February 1994 (Fig. 1) . Dunng both cruises, samples were collected using the Polish Knll Trawl 1641 with a nominal mouth area of -30 m2 and a mesh size of 7 mm. In the Prydz Bay region, trawls were towed obliquely between the surface and -80 m depth, while in the South Georgia shelf region tows were undertaken as close as possible to the bottom. Dunng the northbound leg of the South Georgia cruise (March 1994) , an additional tow was made in the mid-Atlantic region of the STC (Fig. 1) .
The other 3 cruises were undertaken aboard the SA 'Agulhas', and formed part of the South African Antarctic Marine Ecosystem Study (SAAMES). The first, SAAMES 11, took place during the period January to February 1993 along a transect between SANAE and Cape Town (Fig. 1) . During the second cruise, SAAMES 111 (June to July 1993), the area of investigation was limited to the region south of Africa situated in the vicinity of the Subtropical Convergence (Fig. 1) . The third survey, SAAMES IV (December 1994 to January 1995), was carried out in the Marginal Ice Zone (MIZ) of the Lazarev Sea (Fig. 1) . During these surveys, fish were collected using a Bongo net with a mouth area of 0.5 m2 and a mesh size of 0.3 to 0.5 mm as well as with a Rectangular Midwater Trawl (RMT-8) with a nominal mouth area of 8 m2 and a mesh size of 4.5 mm (Baker et al. 1973) . Both nets were fitted with an Universal Underwater Unit (U3; Robertson et al. 1981) . The volume filtered by the Bongo net was calculated using electronic flowmeter data while for the RMT-8 this was determined by multiplying the effective mouth area of the trawl by the distance travelled (Roe et al. 1980 ). This was calculated from the ship's speed and the tow duration after the trawl was opened in the water. Towing speed varied between 1.5 and 4 knots and usually nets were towed obliquely between 0 and 300 m. During the SAAMES IV survey only, some deep tows were made with the RMT-8 trawl to a depth of 1000 m.
Samples were preserved in 4 to 6 % buffered formalin and examined in the laboratory. All myctophids isolated from the samples were identified to the species level and their standard body length (accuracy:
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Notoscopelus resplendens
47"s-STC -0.5 mm) and wet weight (accuracy: -1 mg) measured. Dry weight was obtained by oven-drying specimens at 60°C for 4 8 h. Prey items were isolated from myctophid gut contents, counted and where possible identified. In total 362 specimens, comprising 36 species of myctophids, were examined for gut contents (Table 1) . Stomach contents were then dried at 60°C for 36 h.
Results from stomach content analyses were expressed as a percentage of each food item to the total number of food items counted. The degree of stomach fullness was estimated according to the procedure suggested by Sameoto (1989) . The index of stomach fullness (ISF), expressed as a percentage of body weight, was calculated by dividing the dry weight of the stomach contents by the dry weight of the fish body.
To estimate daily rations of myctophids, 3 independent approaches were followed. Approach 1. The mean specific daily ration (C,%.) was calculated using Baikov's relation (Baikov 1935 , Eggers 1977 , C, , = I X 24/T, where I is the daily average ISF in % and T is the gut passage time in hours. Samples collected at our 24 h stations indicated that myctophid stomachs contain fresh food throughout the night. This suggests that fish could feed for at least 8 to 10 h d-l. Taking this into account, Baikov's equation can be amended as follows: C,,, = I x 1OIT. Since the gut passage time for the species studied is unknown, data on gut passage time versus temperature from the literature were used. Given that both fish size and food type may significantly affect the gut evacuation rate (Fange & Grove 1979) , only published data on gut passage time of fish with similar characteristics in terms of size range (3 to 10 cm) and diet composition (zooplankton] were selected (Ti~ble 2). In some cases, both published a n d field data, collected at 24 h stations within the STC region (SAAMES 1111, were used to calculate gut evacuation rates (k) and gut passage time ( l l k ) , assuming a n exponential model of food evacuation. A regression model between l / k and temperature was calkulated from thc values presented in Table 2 . This equatlon was very similar to the model derived from data obtained by Tyler (1970) (Sameoto 1988 (Sameoto , 1989 . For this purpose, values of ISF of full stomachs (100'X of stomach fullness, according to Sameoto 1989) for all myctophid species investigated were transformed using the arcsin operator and combined to calculate a regression equation between the standard fish body length (in mm) and ISF (in O/o of body weight). Maxi.mum daily ration derived in this way may be underestimated because fish may maintain a full stomach even while digesting or when food is transferred from the stomach to the hlnd gut during nighttime (Sameoto 1988) . Therefore, 2 regressions were calculated ( Fig. 2) : in the first all data points were considered while in the sec- Table 2 . Available estimates of gut evacuation rate (k) and gut passage time ( l l k ) versus temperature in a selected range of fish species. The relationship between I / k a n d water temperature (T) from data presented in the table is a power function of the form: Kjeldson et al. (1975) Kjeldson et al. (1975) Kjeldson et al. (1975) Kjeldson et al. (1975) Clarke (1978) Clarke (1978) Clarke (1978) Clarke (1978) Rowedder (1979) Targett (1981) Tarqctt (19811 Jobl~ng (1986) Krasnopeyor (1990) Krasnopeyor (1990) Krasnopeyor (1990) Krasnopeyor (1990) Gerasimova ( Montgomery et al. (1989) d k and l / k wcrc calculated from an exponential model of the decline of food weight in stomachs versus time bValue presented for comparison only and not included in the calculation of the regression equation Approach 3. The last approach was based on estimates of fish metabolic energy requirements and net conversion efficiency, K2 = P/P + R (where P is production and R is metabolic energy needs). Average values for K, in adult cold-water fish are -0.2 (Vinberg 1956 . Brett & Groves 1979 . Thus, PIR = 0.25. Since the consuinption C = P + RIU (where U is the coefficient of assimilation), and assuming U -0.8 (Hopkins & Balrd 1977) , a value for C of -1.56 X R is obtained. Under natural conditions, R is equal to -2 X R,, (Vinberg 1956) , where R,, is the basic metabolic needs. R,, values for Antarctic spec.ies were derived from Torres & Somero (1988) . For subantarctic and Lemperate species, average R,, values obtained by Torres et al. (1979) using species held at 5OC and 10°C, respectively, were used. Values of caloric content (kcal g-l wet wt) were available in the literature for the following species: Electrona carlsbergi: 1.7 (Gerasimova 1991 ); E. antarctica and Gymnoscopelus spp.: 1.6; G. nicholsi: 2.8; G. opisthopterus and other species: 1.1 (Donnelly et al. 1990) .
For example, according to Vinberg's equation the total daily energy requirements of Electrona antarctica estimated by doubling the basic metabolic requirements are:
where R,, = 0 044 X Il/'l".'h m1 O2 h I (Torres & Somel-o 1988) , 4.86 cal ml-l O2 is the oxycaloric coefficient and Wis the average wet weight of the fish in grams. Since the caloric content of copepods and euphausiids (the staple food items of myctophids) is -0.7 kcal g -' wet wt (V~nogradov & Shushkina 1987), then the above equation can be reduced to:
To take into account the energy spent for reproduction, C, must be further increased by -19% (Tseitlin 1989) 
RESULTS

Myctophid biomass distribution
Biomass levels, derived from Bongo net samples collected only during the nighttime tows and from the upper 300 m layer along the SANAE to Cape Town transect, ranged from ~0 . 0 1 to 1.1 g dry wt m-' (Fig. 3 ). Average biomass throughout the t.ransect was 0 138 g dry wt m-' (Table 3) . Mesoscale enhancements in myctophid biomass generally CO-occurred with high mesozooplankton densities (Fig. 3) . The highest levels WC??-e recorded at a station situated at 60°S, immediately north of the MIZ (Fig 3) . The second major peak in biomass was observed in the northern vicinity of the APF, extending across the APFZ. Minor peaks were found in the polynya region off SANAE and in the southern vicinity of the APF. In addition, 2 small but consistent biomass enhancements were associated with the STC and the continental slope/shelf of South Africa (Fig. 3) . Biomass levels available in the literature are also presented in Table 3 for comparison with the data obtained during this study. Pakhomov et al. (1994) This study This study Pakhomov et a1 (unpubl.) Water content and gravimetric analysis Water content, expressed as a percentage of wet weight, ranged from 60% in Gymnoscopelus nicholsi to 80.9 % in G. microlampas (Table 4) . Generally, water content showed an inverse correlation with fish size. The values of water content obtained in this study are within the range reported for temperate myctophids (e.g. Neighbors & Nafpaktitis 1982, Baily & Robison 1986) and also almost identical to the levels obtained by Donnelly et al. (1990) for several Antarctic species.
Values for the coefficients a and b of the power function, obtained from the regression of standard length versus dry body weight, were generally similar in all species investigated and ranged from 0.0001 to 0.006 and from 2.7 to 3.7, respectively (Table 4) .
Stomach content composition
The number of items per stomach examined generally ranged from 1 to 20 (Table 5a , b). Stomachs with more than 30 food items were very rare and contained a monospecific food type. The maximum number of food items in 1 stomach (185) was recorded for Krefftichthys andersoni (Table 5b) . Average values of ISF ranged from 0.16 to 1.97% of dry body weight. Three species, i.e. Bentosema suborbitale, Lampadema ponifex and K. andersoni, had average ISFs as high as 2.4 to 4.5% of dry body weight (Table 5a, b).
Copepods were the most important component in the diet of almost all myctophid species examined. In general, they accounted for >50%, by number of all prey items identified (Table 5a, b). Medium-sized (55 mm) bioluminescent species of the genera ~Vetridia and Pleuromamn~a (exhibiting a large pigment spot on the cephalothorax) as well as large (5 to 8 mm) species of the genera Calanus, Rhincalanus and Euchaefa were the dominant copepods consumed. Small (512 mm) euphausiids, mainly Euphausia spp. and Thysanoessa spp., hyperiids, mostly Themisto gaudichaudi and Primno macropa, and the pteropod, Limacina spp., formed the next most abundant components of the myctophids diet (Table 5a, b). Antarctic krill Euphausia superba, with a total 1.ength of 33 to 43 mm, was an important food item only in the adults of Gymnoscopelus opisthopterus. Most krill individuals found in fish stomachs were, however, undigested. Euphausiids were in general more important in the diet of fish with a standard length >40 mm, e.g Electrona paucirastra, Metelectrona hervigi, Gymnoscopelus nicholsi and G. opisthopterus (Tables 4 & 5a) .
Daily rations
Although estimates of daily rations for the most abundant myctophid species vary considerably (0.23 to 4.4 % of dry body wt), the values derived from the 3 different approaches used in this study are in reasonable agreement with each other and with those reported in the literature (Table 6 ). Consistently lower daily rations were obtained only when using the first approach, probably due to the llmited number of fish examlned. Generally, the daily consumption of Antarctic and high-subantarctic species ranged from 0.5 (lower mean) to 2.92% (,upper mean) of dry body weight (Table 6 ). Daily rations for the temperate and subtropical species ranged between 1.34 and 3.85 "/o .
DISCUSSION
Feeding ecology
The results of this study indicate that Southern Ocean myctophids occupy an important trophic status as zooplankton consumers. Mesozooplanktonic organisms, such as copepods, euphausiids, hyperiids and pteropods, constitute the bulk of myctophid diets. As in most other regions of the world ocean, these fish constitute the tertiary level of the pelagic trophic system and are consumers of the second order (e.g. Hopkins & Baird 1977 , Clarke 1978 , 1980 , Gordon et al. 1985 , Duka 1986 , Kawamura & Fujil 1988 .
While studying the feeding ecology of a synoptic collection of 14 tropical myctophid species, Clarke (1980) found a high degree of feeding specialisation between species. In contrast, myctophids from temperate and high latitude regions appear to exhibit a high degree of overlap in their food spectrum (e.g. Tyler & Pearcy 1975 , Scotto di Carlo et a1 1982 , Young & Blaber 1986 . In this study, we found no substantial differences in the prey items of myctophid species collected withi.n the same region (Table 5a , b). This may reflect low interspecies food competition because of high regional food availability. This hypothesis is supported by the observation that at all stations myctophids fed on the most abundant species of mesozooplankton (e.g. Voronina 1984, Barange et al. in press, Pakhomov & --
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Fish scales 0.9 - (%) press). This is further confirmed by the spatial covariance between high myctophid densities and mesozooplankton biomass enhancement (Fig. 3) . Antarctic, subantarctic and temperate/subtropical species of myctophids can, therefore, be classified as opportunistic mesozooplankton predators, with dietary preferences being solely a functlon of prey availability (Hopkins & Baird 1977) .
Our data do not allow serious consideration of dietary changes during the life span of myctophids. The results do, however, show that euphausiids and hyperiids are more important in the diet of adult fish compared to the earlier stages. The available literature indicates that small euphausiids (such as Thysanoessa spp.) and hyperiids (mainly Themisto gaudichaudi] are the most consistent components in the food of adult Antarctic myctophids (Naumov et al. 1981 , Kozlov & Tarverdieva 1989 , Oven et al. 1990 ). This agrees with the conceptual model of a relationship between fish size and prey size, biomass and diversity as suggested for tropical myctophid species by Scotto di Carlo et al. (1982) . Some studies have shown that adults of the most abundant Antarctic myctophids feed on krill, rather than copepods (Rowedder 1979 , Naumov et al. 1981 , Zasel'sljy et al. 1985 , Kozlov & Tarverdieva 1989 , Oven et al. 1990 ). This has important implications since it has been suggested that mesopelagic fish, and not seabirds and mammals, may be the dominant predators of krill in the Antarctic oceanic system (Lancraft et al. 1989) . Surprisingly, in this study Antarctic krill Euphausia superba was usually poorly represented in the stomachs of myctophids, with a few krill juveniles recorded in some stomachs of Gymnoscopelus nicholsi collected within the shelf region of South Georgia and in the Prydz Bay region (Table 5a ). Only Gymnoscopelus opisthopterus exhibited an important krill component in its gut contents. In the Lazarev Sea and in the Prydz Bay region, krill was absent from all stomachs of Electrona antarctica, even when specimens of this myctophid were collected as a by-catch in krill trawls in the Prydz Bay region (0. Gon pers. comm.). These results suggest that the role of Antarctic krill in the feeding ecology of myctophids may have been greatly overestimated in the past. Previous studies have shown that Antarctic krill comprises 50 to 90 % of the total mass of the food bolus only in the stomachs of a few Antarctic species, e.g. G. nicholsi, G. opisthopterus and E. antarctica (Rowedder 1979 , Kozlov & Tarverdleva 1989 , Sabourenkov 1991 . We suggest that a substantial consumption of krill by myctophids occurs only during certain periods and within specific regions. This is quite obvious in the case of the most abundant myctophid, Electrona carlsbergi, for which E. superba is an important food source only during the summer season (Naumov 1985 , Zasel'sljy et al. 1985 , Kozlov & Tarverdieva 1989 , Oven et al. 1990 ). This question has important implications for Southern Ocean carbon flux and more attention is certainly required to determine the role that Antarctic krill has in the feeding budget of myctophids. Calanus a ~istralis Ludcutia spp.
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.,.., Generally, the number of food items "Mean length taken from Filin et al. (1991) stomach is, however, a function of fish size and food composition. Therefore, the ISF is a more objective parameter for comparisons. In this study, the values of ISF were also in good agreement with those (~4 % of dry body wt) obtained for many species of myctophids throughout the World Ocean (Baird et al. 1975 , Clarke 1978 , Young & Blaber 1986 , Duka 1986 , Kawamura & Fujii 1988 , Sameoto 1988 , Kozlov & Tarverdieva 1989 , Oven et al. 1990 . Maximum values (up to -5 O/O of dry body weight; Fig. 3 ) were, however, lower than those recorded in tropical-temperate (up to 10 to 17%) and even in Antarctic (up to 26%) species (Holton 1969 , Clarke 1978 , Kawamura & Fujii 1988 , Sameoto 1988 , Kozlov & Tarverdieva 1989 . The highest values of ISF recorded in the literature were derived from Antarctic myctophids that had been feeding on knll (Kozlov & Tarverdieva 1989) . However, the presence in these stomachs of a limited number (2 to 4) of consistently undigested individuals of Euphausia superba leads us to the conclusion that krill might have been eaten just before the catch or, more likely, in the net after capture. Our own findings seem to support this conclusion. Thus, these maximum ISFs can be regarded as the maximum daily food intake and are most probably found only occasionally in nature.
Daily rations
Unfortunately, only 2 previous estimates of daily rations for Antarctic myctophids are available in the literature. The daily ration of -5% of dry body weight, calculated by Rowedder (1979) for Electrona antarctica, is likely to represent an overestimate. This is because of the bias associated with the extrapolation to the entire year of levels of food intake obtained during the summer and within a region of high krill biomass. Despite this, Rowedder's estimate may still be considered as the upper limits of the daily consumption during summer. The estimation of the daily ration for E. carlsbergi obtained using an energy budget approach (Gerasimova 1991 ) appears more realistic. According to this estimate, E. carlsbergi would require 3.7 to 5.6 % of its wet body weight daily, or 2.5 to 3.7 % of dry body weight.
Daily rations of Diaphus taaningi in continental waters off Venezuela were 0.8% of dry body weight, assuming -3.5 h of feeding (Baird et al. 1975) . However, extending the feeding period to -6 h, the daily intake could be as high as 1.35% of dry body weight (Table 6) . Sameoto (1988 Sameoto ( , 1989 showed that for the subarctic species Bentosema glaciale (which occupies a similar habitat to the Antarctic species) the daily ration ranges from 1.7 % of dry body weight in adults to 8 % in juveniles. Daily consumption rates of tropical and subtropical species of myctophids from other oceanic regions are higher, ranging generally between 5 and 13% of body weight (Holton 1969 , Clarke 1978 , Tseitlin & Gorelova 1978 , Childress et al. 1980 . The values of daily rations obtained in this study, using 3 different approaches, seem realistic as they are in good agreement with those obtained for other Antarctic, although non-myctophid, fishes (e.g. Targett 1981 , Pakhomov & Tseitlin 1992 . A theoretical maximum daily ration for Antarctic myctophids can be estimated from the highest ISF recorded in the literature, -26% of wet body weight (Kozlov & Tarverdieva 1989) . Assuming that the digestion time of Antarctic knll is as long as 2 d (Targett 1981 , Pakhomov & Tseitlin 1992 , Table 2 ), maximum daily rations may reach -13% of wet body weight, or -8% of dry body weight.
Due to the well-known problem of net avoidance and of the shallow towing technique employed in this study, our myctophid biomass estimates are likely to be grossly underestimated. We cannot therefore address the question of their feeding impact on zooplankton adequately. Few estimates of myctophid predation impact are available. In the upper layer of the equatorial Pacific, Gorelova (1984) concluded that myctophids may consume from 2 to 31 %t (average -10%) of zooplankton standing stock daily. This suggests that myctophids may be among the most important consumers of oceanic zooplankton, not only in the epi-and mesopel.agic layers but also in near surface waters (Gorelova 1984) . In contrast, the predation impact of the most Important subarctic myctoph~d species, Bentosema glaciale, never exceeded 0.2 % of zooplankton standing stock (Sameoto 1988 (Sameoto , 1989 .
The only estimate of zooplankton consumption by Antarctic mesopelagic fish was made by Naumov (1985) . The total stock of mesopelagic fish in the Southern Ocean was estimated to be close to 275 million t and the year ration was assumed as 600 % of fish body weight, equivalent to an across-the-year daily ration of -1.64 % of body weight (Naumov 1985) . Thus, mesopelagic fish would consume 1085 million t of meso-and macrozooplankton (excluding Euphausia superba). As the entire Southern Ocean occupies an area of -38.1 million km2 (El-Sayed 1978) , the average annual consumption could be equal to -28.5 g wet wt m-2 or -6.3 g dry wt mW2 The mean mesozooplankton biomass measured along our transect from SANAE to Cape Town was 3 g dry wt m-2 (Fig. 3) . Using a P/B coefficient of -5 yr-l, as estimated for Antarctic copepods (Voronina 1984), the secondary production will be around 15 g dry wt m-2 yr-'. Thus, Antarctic rnesopelagic fish predation impact could be equivalent to -40 % of the annual secondary product~on.
On the basis of their high biomass levels, Lancraft et al. (1989) suggested that mesopelagic fish are probably the dominant predators in the Antarctic oceanic system. The results of this study show that myctophids may be among the most important consumers of secondary standing stock and production in the Southern Ocean. A more accurate assessment of the trophic importance of myctophids in the Southern Ocean requires further detailed information on their distribution, migrations, predation impact, seasonality of feeding rates and, also, estimates of their consumption by other predators
